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Abstract: In order to scientifically guide the management of middle-aged black locust ( Robinia pseudoacacia) plantations
established in the early stage of the Grain for Green Program on the Loess Plateau, based on the understanding of the effects
of stand density and spatial structure parameters on the diversity of understory shrubs and herbs, a study was conducted in

the Guanshan Forest Farm, Jingchuan County, Gansu Province. 12 sample plots of middle-aged ( 18—25 years) black
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locust plantations with four density gradients were selected, all growing on similar terraced field on the top of residual
plateau. Spatial structure parameters, such as neighborhood pattern, mingling, crowding, openness, and dominance, were
investigated, along with the diversity indices of understory shrubs and herbs, including Simpson’s index, Gini diversity
index, Shannon-Wiener index, Pielou’s evenness index, and Patrick’s index. Person’s correlation analysis and grey
relational analysis were employed to explore the relationship between stand density, spatial structure parameters, and the
plant diversity of the undergrowth shrub layer and herb layer in middle-aged black locust plantations, and to identify the
main influencing factors. The results revealed the followings: (1) The total number of understory plant species firstly
increased and then decreased with rising stand density, with the peaks of the total number of understory plant species and
the diversity index of the herbaceous layer within the density range of 1300—1700 trees/hm®. (2) Stand density mainly
affected the light transmittance, distribution pattern, and mixing degree of black locust plantations. When the density was
less than 1300 trees/hm’, the light transmittance was optimal. Within the density range of 1300—1700 trees/hm’, 57% of
the black locust trees exhibited a random distribution pattern, closest to a natural state. When the density exceeded 2100
trees/hm”, the mixing degree reached its highest level. (3) Person’s correlation analysis showed that a very significant
positive correlation (P<0.01) existed between the openness and the Simpson’s index and species richness index of shrub
layer; and a significant positive correlation ( P<0.05) existed between the mixing degree and the species richness index and
Gini index of herbaceous layer. The Grey relational analysis indicated that when the stand density was <1300, 1300—1700,
and >1700 trees/hm”, the main factors influencing the diversity of understory shrubs and herbs were mixing degree,
openness, and DBH ( diameter at breast height) dominance, respectively. (4) For middle-aged black locust plantations
established on the site conditions studied, a density range of 1300—1700 trees/hm’ is recommended as a rational range for
managing the understory plant diversity. The findings of this study can be used to optimize the stand density and spatial
structure of middle-aged black locust plantations to promote the development of the understory shrub and herb layers for

enhancing the understory plant diversity and the multifunctionality of forest.

Key Words: the Loess Plateau; spatial structure of stand; understory shrub diversity; stand density
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XA AT 5, A5 B AR R R 2 RE MR B o i 3 5 R (3R 2) L (H# 22 1300—1700
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Table 2 Understory shrub diversity index of Robinia pseudoacacia forests with different densities

SRk LRSS B R Stand density/ (Ff/hm? )

Level Diversity index <1300(1) 1300—1700( 11) 1700—2100( I11) >2100(1V)

AR Gini 0.527a 0.605a 0.586a 0.586a

Field layer Simpson 0.536a 0.646a 0.486a 0.606a
Shannon-Wiener 1.156a 1.145a 0.965a 1.190a
Pielou 0.561a 0.699a 0.624a 0.710a
Patrick 5.7a 5.8a 4.9a 5.6a

AR Gini 5.667a 0.620a 0.318a 0.428a

Shrub layer Simpson 0.770a 0.809a 0.611a 0.455a
Shannon-Wiener 1.682a 0.983a 0.634a 0.829a
Pielou 0.725a 0.712a 0.475a 0.527a
Patrick 9.3a 5.0a 2.6a 4.0a

BBV N ING PR a, R[] 55 LRI S) 22 1 B B8l 22 57 A 1835 ( P<0.05)

N3k 3, PRI AR BE S0 AN [ 2 B2 R RRAR B AR T R B B AR M, — R AE A SR BIIE AL T AR
AR A ) o 34 Aol 218 760 H S L 2 P2 A A T 002 | AR R BE AR 23 (<1300 Bk/hm?) o FEAY il 14 B o8 3 5
{373 MRS HE >1300 Bk /h IS, ARASYI T A AE | R A5 Y B SR P R T OF AR AR P RL)Z il 3, — =2
SET AR 1 BER AR T AR 20 BIREAR R sl AS 2 AEREAR R A 978 X 155 b ) T 2B Ry L AR B 0
N4 FiT A A H , HAEFEAZ P i AR 25 L0 AN 5 4y Bt s B2 384 T 3656 ; bR 234 B2 > 1300 /b i, 7
A A REAR SR AR AL 09 5 5 1 B B HE P — B — , e X e

®3 TRFEENERYMARREZENEZHF

Table 3 Composition and ranking of species with top five important values in Robinia pseudoacacia forests with different densities

ok i FEAH/ % o FEAH/ % b FEAH/ % Wy FEAH/ %
Stand type Species Importance Species Importance Species Importance Species Importance
value value value value
LINNIELY] =y 22.59 FH 33.26 BiET 31.14 B 24.22
Understory plants Pl 11.08 ik 21.07 pig:\ 18.65 O 18.77
iR/ 9.09 i 9.43 kR 13.04 BiEF 16.42
Stk 7.21 e 8.44 T 9.87 Ebk 16.34
BT 6.4 RS 6.36 Ik 8.80 B 10.42
HIAZE ) 37.64 T 33.26 P 2553 19.74 FH 26.47
Field layer Fhi 13.01 ok 18.86 R 17.60 2y 25.95
R 7.16 Btk 16.84 =y 12.90 IRERAE 8.25
i3\ 6.39 pea 5.67 RTH 9.15 pea 6.00
255 6.13 FI TR 3.60 SR TR 8.98 B e 5.33
N IR 22.15 St 21.08 BHiET 20.76 BT 22.46
Shrub layer AR 18.18 BE 12.72 pizil 12.43 Bt 6.37
G 14.19 pizil 12.01 R 8.69 PilE 6.37
BT 13.88 1k 11.70 =t 5.22 sk 2.83
T 13.63 BT 11.58 Stk 9.26 FLH 2.00

TF3E Artemisia lavandulaefolia ; 858 Aster tataricus ; 5463 Clematis florida; % F 5 Eriophorum scheuchzeri; 518 Anemarrhena asphodeloides; KT % Gerbera
anandria; SRR Potentilla simulatri ; JRERZE Chenopodium glaucum ; 2.4 Lonicera japonica ; &k Rhamnus wtilis ; EAF Swida walteri
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Fig.4 Distribution frequency of spatial structure parameters of Robinia pseudoacacia plantations with different densities
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Table 4 Grey correlation degree and its ranking between spatial structure parameters of stand and species diversity of shrub layer

Shannon- Pielou
po— Ar2s ] (,ml %‘éé@ﬁz Sflllpson %Eéﬁz Wiener %‘aéz&z @’ﬂfﬁ%’é?ﬁﬂz Patr'ick f‘aiﬁz

Dlensity grdient/ ‘ éﬁ)@é}ﬁ Gini index Simpson index Shannon-Wiener  Pielou evenness  Patrick index ;f@
(H/hm?) Spatial structure index index Weight

parameters of stand g b gl #F KM HBF ME HF RdE HBF

Value Ranking Value Ranking Value Ranking Value Ranking Value Ranking
<1300 M 0.612 3 0.648 1 0.643 3 0.664 1 0.596 1 1.014
U, 0.648 1 0.643 2 0664 2 0596 3 0595 2 0.949
0.648 1 0.643 2 0664 2 0596 3 0595 2 0.949
K 0.648 1 0.643 2 0664 2 0596 3 0595 2 0.949
0.645 2 0640 3 0.661 1 0594 3 0593 3 0.824
U, 0591 4 0591 4 0588 4 0600 2 0556 4 0.413
1300—1700 K 0.597 1 0590 2 0553 2 0.6 1 0.595 1 1.069
U, 0580 2 0.603 1 0.560 1 0562 2 0.8 2 0.982
W 0569 3 0449 4 0447 3 0456 3 0577 3 0.455
C 0569 3 0449 4 0447 3 0456 3 0577 3 0.455
M 0.448 4 0569 3 0449 3 0.447 4 0456 4 0.339
U, 0569 3 0449 4 0447 3 0456 3 0577 3 0.307
1700—2100 U, 0.832 1 0.606 1 0.737 1 0.646 1 0.786 1 1.443
W 0467 3 0519 2 0526 2 045 3 0491 2 0.645
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Shannon- Pielou

e, Fhapos @ (]ml 'T'ET # ?impsun 'fE‘ i ‘ Wiener T%ﬁ( 1’,]/‘;] [EE 2 Patr'ick .?IET #
Diensiy gradient/ iﬁﬁgi}ﬁ[ Gini index Simpson index Shann'on-Wlener Pl(jl()l'l evenness Patrick index ﬂi
(B/h?) Spatial structure index index Weight

parameters of standgpfig gy Ml HF M HBE MM HDE ORI HF
Value Ranking Value Ranking Value Ranking Value Ranking Value Ranking

U, 0.467 3 0.519 2 0.526 2 0.454 3 0.491 2 0.645
C 0.467 3 0.519 2 0.526 2 0.454 3 0.491 2 0.645
K 0.467 3 0.519 2 0.526 2 0.454 3 0.491 2 0.645
M 0.582 2 0.466 3 0.518 3 0.525 2 0.453 3 0.620
>2100 U, 0.591 2 0.594 1 0.608 1 0.597 1 0.604 1 1.138
w 0.594 1 0.571 2 0.492 3 0.548 2 0.508 2 0.824
U, 0.594 1 0.571 2 0.492 3 0.548 2 0.508 2 0.824
C 0.594 1 0.571 2 0.492 3 0.548 2 0.508 2 0.824
K 0.594 1 0.571 2 0.492 3 0.548 2 0.508 2 0.824
M 0.521 3 0.594 1 0.571 2 0.492 3 0.548 3 0.721

M IRACE Mingling; U, : 3 5 K /N AT Tree height size ratio; C: %8 Intensity ; K FFHIUE Opening degree; W, fi R
comparison of DBH

i Angle index; U, N EININ % Neighborhood

K5 MOTHEHSYEERERNMSHEENREBXKEREAF

Table 5 Grey correlation degree and its ranking between spatial structure parameters of stand and species diversity of herb layer

Shannon- Pielou

N MAresial Gini 154K Simpson $54X Wiener 54K BIs R Patrick $§%X

%'FEWE ZEMBEL Gini index Simpson index  Shannon-Wiener  Pielou evenness Patrick index WE
Ddensity gradient/ . . . ;
(#k/hm?) Spatial structure index index Weight
parameters of stand gy K HE B0 HF OB Y B HBE
Value Ranking Value Ranking Value Ranking Value Ranking Value Ranking

<1300 M 0.595 4 0.609 1 0.609 1 0.598 3 0.664 1 0.812

U, 0.609 1 0.609 1 0.598 3 0.664 1 0.595 3
C 0.609 1 0.609 1 0.598 3 0.664 1 0.595 3 0.748
K 0.609 1 0.609 1 0.598 3 0.664 1 0.595 3 0.748
U, 0.597 3 0.597 3 0.600 2 0.588 4 0.600 2 0.538
w 0.607 2 0.606 2 0.596 4 0.662 2 0.593 4 0.499
1300—1700 K 0.626 1 0.593 1 0.570 1 0.583 1 0.481 3 0.795
U, 0.582 2 0.571 2 0.560 2 0.570 2 0.596 1 0.749
M 0.577 3 0.562 3 0.503 3 0.446 4 0.496 2 0.406
4 0.562 4 0.503 4 0.446 4 0.496 3 0.475 4 0.242
v, 0.562 4 0.503 4 0.446 4 0.496 3 0.475 4 0.242
C 0.562 4 0.503 4 0.446 4 0.496 3 0.475 4 0.242
1700—2100 U, 0.709 1 0.793 1 0.715 1 0.724 1 0.766 1 1.199
M 0.491 3 0.582 2 0.453 3 0.470 3 0.566 2 0.529
14 0.582 2 0.454 3 0.470 2 0.567 2 0.467 3 0.495
v, 0.582 2 0.454 3 0.470 2 0.567 2 0.467 3 0.495
C 0.582 2 0.454 3 0.470 2 0.567 2 0.467 3 0.495
0.582 2 0.454 3 0.470 2 0.567 2 0.467 3 0.495
>2100 U, 0.573 1 0.571 1 0.584 1 0.567 2 0.604 1 0.874
M 0.508 2 0.505 2 0.492 3 0.571 1 0.476 3 0.573
w 0.505 3 0.492 3 0.571 2 0.476 3 0.508 2 0.517
U, 0.505 3 0.492 3 0.571 2 0.476 3 0.508 2 0.517
C 0.505 3 0.492 3 0.571 2 0.476 3 0.508 2 0.517
0.505 3 0.492 3 0.571 2 0.476 3 0.508 2 0.517
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Fig.5 Person correlation analysis results of stand spatial structure parameters and shrub diversity index
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